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distributions of the fluid respectively over the surface of the ith solid element; and is 
the total external force acting on the ith solid element. 

Further , the momentum equation for the total fluid can be written in the integral form 



as follows 



+ V)dv + <${pVdS)V = -<$pdS - ffidS 



where v(t) and S£t} are the volume and boundary surface ofthe fluid respectively. They 



are time functions due to motion ofthe internal solid dements. The first term in the left 



side is the time rate of_ change of_ the momentum ofthe fluid due to motion of the fluid with 
the velocity v 0 = v + V , in which v is the velocity of the whole solid-fluid body or the 

velocity. of_ the solid chamber , v = v, , and P_ is the velocity ofjhe fluid particles relative 

to the, solid, chamber . The second term in die left, sidy is the flow, of momentum out, ofjthe. 
space containing the fluid. The first term in the right side ofthe eauation is the complete 



pressure force, over, the entire surface ofthe fluid. The second term in the right side is the 
shearing force . Le. conwlete reaction ofall the solid dements against the shear stress 



distribution of the fluid oyer them. The third term is the total body force exerted on the 



The first term in the left side can be written as 



■$*v + ^-iU 0+ |$; P vdv. 



where, the first term in the right side of Eg. (503) js the time rate of change ofthe 



momentum of the whole fluid as a lump in free space. 



Thy surface of the fluid is confined to the surfaces of the solid elements . Therefore . the 
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. : 1 4 - a + 1 =±n-± ^ + f $ <rt 

'=° 01 v{i) »J=\ i=\ 



dt 



i*j 



<^pdS - <^7dS + 
so) so) 



+ <$$ pfdv + Y j F} a) (505} 

v0) '=' 



Applying NewtonDs third law for interaction between the solid elements and their 
interaction with the fluid yields 






l 

'*/ 






/=l .V(') 






(507} 



Zr iT) 



C$fdS = 0 

SO) 



(508) 



Thus the momentum equation of the solid-fluid body must be written 



Z4a = %P Vdv + j$d dv + X ^ <c) 



/=0 



(509} 



V (t) 



* 0 ) 



i=i 



In Eg. (509} the term in the left side , which is the time rate of change ofjhe total of 
the moment urns of all the elements ofjhe solid-fluid body in free_ space, must_ be equal to 
the total force acting on the solid-fluid body to accelerate it inffee space: the second and 
third terms in the right side represent the toted of external forces acting on the solid-fluid 
bod v. Therefore . the firs t term in the right side must be q force that the solid-fluid body. 

acts on itself due to unsteady flow fluctuations of the fluid. We denote this force by F si 

i.e. 



F s 
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Substituting Eg. (50JJ for the time rate of chan ae ofjhe momentum ofeach solid 



element in Eg. (509} gives. 







where _p^ is the pressure, ofjhe gas on the floor of venerator chamber 172. If p 0 is the 
density of the gas, at rest, then due to the conservation of mass we have 

Po Al = \Ap(z)dz= \~e m z dz = -^-(e~ 1 « : ' - 1 ) (575} 

0 0^ a 

where l is the average height of generator chamber} 172_. From Ea . (575 ) we have 



Substituting formula (576} foi- 



P\ = — 



lp 0 a 



(e Rr - 1 ) 



p x in Ea. (574} yields 
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.P(z) = 



lPo° ~ 



( (e~ RT ‘ 



(577} 



- 1 ) 



From Eg. (577j_we obtain the difference in pressure^ between the ceiling and floor_ 
-Pi ~ Pi =~lPo a (578} 



Then the_ force due to the_ pressure disjributipns_ over_ the ceiling and_ floot' is 
F (Px) + F (Pl) = -kAlp 0 a = -m 0 a (579} 

U. l± obvious th at the totaf force due to the pressure and shear stress distributions over 

the walls of mobile objectl68_ vanishes. The force due to the pressure and shear stress 

distrib utions over_ the surfaces of blades of rotor 170 is its aerodynamic lift , L R . Then 
according to Exp (513} the self-action force ofjnobile object 168 is 
F, =m 0 a + F w +F (Pl) +L R -m 0 f = L R -m 0 f (580} 

The last term in the light side of Eg. (515 ) vanishes . . since the_center ofjnass of rotor 

170 is at rest in relation to generator chamber 172_. Therefore^ gutting the corresnondinv 
forces into Ea. (5J5} gives ■ 

Ma = F (p,) + F Uh) + L r + F (c) = -m Q a + L H + F [e) (581) 

where_ F U) is the total externa / force acting on all the solid elements ofjhe mobile object. 
From Ect. (58 J ) we obtain the_ acceleration ofjnobile_ object 168 



